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INPUT/OUTPUT SUMMARY TABLE -CHP ENERGY RECOVERY SYSTEM AND CHLLER PLANT CONTROLS INPUT/OUTPUT SUMMARY TABLE -CHP ENERGY RECOVERY SYSTEM AND CHLLER PLANT CONTROLS
INPUTS OUTPUTS INPUTS OUTPUTS
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OUTDOOR AIR TEMPERATURE (T-OA) r Y7 YA N Y O A o |o CHP HEAT EXCHANGER-1 (T-1) ° qd D ° o |o
OUTDOOR AIR HUMIDITY (H-OA) Y e ")\ e |o CHP HEAT EXCHANGER-2 (T-2) ° L) ° o |o
DEW POINT ° ) o o CHP HEAT EXCHANGER-3 (T-3) ° /I\ ° o o
RELATIVE HUMIDITY ° \\ o |o \
g ) HEAT EXCHANGER 65-2W-HX-1 SUPPLY TEMPER. (T-21) ° NN AN e |0
CHILLER (65-CH-1) f ° ° ° ’\ ° ° o (o |o HEAT EXCHANGER 65-2W-HX-1 CONTROL VALVE (CV-12) ° r( ° Q °
CONDENSER WATER RETURN TEMPERATURE (T-8) \ ° g oo o |o HEAT EXCH.(2W-C1, 2W-C2)HOT WATER RETURN TEMP.(T-22) ° X ) o |o
CHILLED WATER SUPPLY TEMP. (T-12) f ° ° o0 o |o HEAT EXCH.(2W-C1, 2W-C2)HOT WATER RETURN TEMP.(T23) | @ o~ ~ I b} A~ ) N o~~~ = R e |0 I~
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CHILLED WATER FLOW METER (FM-5) } ° \ ° e |0 T/EXCHANGEB6g-2W-HX-2 SUPPAX TEMRERA K 25 AAAA_AAAAAAA NAAANAAAAAAAAAAAAAAA_AS AL /JW
HOT WATER ISOLATION VLV (CV-1) ( ° ° ° ° { ° HEAT EXCHANGER 65-2W-HX-2 CONTROL VALVE (CV-13) ° \> ° r)’ °
CONDENSER WATER SUPPLY TEMPERATURE (T-9) } ° j o0 o |0 HEAT EXCH.(2W-C3, 2W-C4)HOT WATER RETURN TEMP.(T-26) ° L e o |o
CHILLED WATER RETURN TEMP. (T-13) f‘ ° ‘} o0 o |0 HEAT EXCH.(2W-C3, 2W-C4HOT WATER RETURN TEMP.(T27) | ® BRPRPNNErN Z’ S\ PPN NENErNR PRPNPNNNErN o |o o~
HOT WATER RETURN TEMP. (T-4) k ° )\ oo e |o HEAY EXCHANGER 652W-HX2RETURNTEMPER (T2%8) * ¥ @l 1 T T 7 f f ) Y P f Y Y Y'Y f f ™) Y Yo ‘\
HOT WATER SUPPLY TEMP. (T-5) Z ° { |o|e o |0 MCAAAA_AA A A AAAAAAA A AAAIAA | I A AAAAANA LA A AAAAAALAA A AL /JW,/
CONDENSER WATER FLOW METER (FM-3) f ° ) ° o |o HEAT EXCHANGER 65-2W-HX-3 SUPPLY TEMPER. (T-29) ° j,_ r{ e |o
HOT WATER FLOW METER (FM-1) \ ° ° 7 ° o |o HEAT EXCHANGER 65-2E-HX-3 CONTROL VALVE (CV-14) ° s o4 °
CHILLED WATER ISOLATION VLV (CV-5) k ° ° ° \) ° HEAT EXCH.(2E-C1, 2E-C2)HOT WATER RETURN TEMP.(T-30) ° S ‘\ o |o
CHILLED WATER FLOW SWITCH (FS-5) ° ° ° ° HEAT EXCH.(2E-C1, 2E-C2)HOT WATER RETURN TEMP.(T-31) ° —~( N o |o
CONDENSER WATER FLOW SWITGH (FS3) k&_ o o g ° o < HE?\?’TE)Q@VHKKIG\ER/E%W-HWREF\%W{EMF;EF(?T-@ \ ol g /\\,\_\‘,ﬂ NN NSNS TN }"’ A NA N AN AN NN IN AN AN TN »_/\ Y~ vrf\\
HOT WATER FLOW SWITCH (FS-1) s ° ° ° ° TAEXCHANGEB6g-2W-HX-4 SUPBLX TEMRERAAK-33 AAAANANAAAAAA | Y MAAAAANAAAAAANAAAAALAA_AS AL /JW//
/ HEAT EXCHANGER 65-2E-HX-4 CONTROL VALVE (CV-15) ° j_o r{ °
\ K HEAT EXCH.(2E-C3, 2E-C4)HOT WATER RETURN TEMP.(T-34) ° S 4 o |eo
CHILLER (65-CH-2) ° ° ° ° ° o (o |o HEAT EXCH.(2E-C3, 2E-C4)HOT WATER RETURN TEMP.(T-35) ° e |0
CONDENSER WATER RETURN TEMPERATURE (T-10) % ® i) N e |o < HE?\?’E%HKNG‘EQW—HWEQJI?MEM’SEFHT-% VY My Y Y Y \ahshaRaRes a 0 i Bk U SR e SRR o S oo ta el et aviln vl el co it ' Y~ "f\‘\
CHILLED WATER SUPPLY TEMP. (T-14) /\ ° ° ( e 0 e |0 MACANAAA A AA A A AAAALAAAA A A AAAA A AAAAANA LA A AAAAAALAA A AL /JW/
CONDENSER WATER ISOLATION VLV (CV-4) \ ° ° ° i\ ° HEAT EXCH.(2W-HX-C1,G2)3-WAY CONTROL VALVE (CV-16) ° L |® ( °
CHILLED WATER FLOW METER (FM-6) g ° J ° o |o HEAT EXCH.(2W-HX-C3,C4)3-WAY CONTROL VALVE (CV-17) ° ( ° i °
HOT WATER ISOLATION VLV (CV-2) Q ° ° ° ° ) ° HEAT EXCH.(2E-HX-C1,C2)3-WAY CONTROL VALVE (CV-18) ° (e ( °
CONDENSER WATER SUPPLY TEMPERATURE (T-11) /‘ ° { oo o |o HEAT EXCH.(2E-HX-C3,C4)3-WAY CONTROL VALVE (CV-19) ° ° r{ °
CHILLED WATER RETURN TEMP. (T-15) ( ° D, oo e |o *{ A
HOT WATER RETURN TEMP. (T-6) \ ° oo e |o PUMP CONTROLLING DP SENSOR AND BY-PASS VALVE ( ) )
HOT WATER SUPPLY TEMP. (T-7) ( ° \ N e o DIFF. PRESS. CONTROLLING SENSOR (DPS-1) ° alhiP o oo e o
CONDENSER WATER FLOW METER (FM-4) /‘ ° / ° e |o DIFF. PRESS. BY-PASS VALVE (CV-20) ° ) {‘ ° ‘{ °
HOT WATER FLOW METER (FM-2) / ° ° < ° e |o f | I
CHILLED WATER ISOLATION VLV (CV-6) \ ° ° ° \ ° CAMPUS CHILLED WATER SUPPLY TEMPERATURE (T-16) ° o 7 ° e |
CHILLED WATER FLOW SWITCH (FS-6) S ° ° ) L ® CAMPUS CHILLED WATER RETURN TEMPERATURE (T-17) ° ® ° ° °
CONDENSER WATER FLOW SWITCH (FS-4) k ° ° Y ° ° e~~~ N TN\ » iy -~ L~ L~ TN~ ~ ‘ I~
HOT WATER FLOW SWITCH (FS-2) ba ° ° ° ° A "HEATING SYSTEM (BLDG. 2E AND 2W) RETURN TEMP. (T-18) "o TrYTrTVTrTT T i YT ™ o Vo ' Y
\ 01 HEATING SYSTEM (BLDG. 2E AND 2W) RETURN TEMP. (T-19) ° o |o ,1{
/\ }. L HEATING SYSTEM (BLDG. 2E AND 2W) SUPPLY TEMP. (T-20) ° o |o )"
COOLING COOLING TOWER (65-CT-1) /a\ { ° ° ° ° Y ° o |eo o A_A_ A I ADAATALAASAA A A A~
COOLING TOWER ISOLATION VALVE (cv-s)/ 01 \ } ° ° ) ) ° “GENERATOR COMBUSTION AIR INTAKE TEMPERATURE (T -37) A A AN A AN AN ° o |0
COOLING TOWER FAN (CS-19{(?3§-’\7?’6—6’T-‘1’)“7 \{ ° ° S ° GENERATOR INTERCOOLER CIRCUTE CONTROL VALVE (CV-20) ° f‘ ° ) °
LEVEL SENSOR (LS-1) NA AN s ° ) |ele o |o GENERATOR COMBUSTION AIR INTAKE TEMPERATURE (T-38) ° & < ° o |o
QSOI:NCi TOXVEEﬁ(fﬁ“SS :/'AI;,\{;_@;/%)_A v-f‘v-/\v-/‘\‘c\ ° ° ° ~ ~ o~~~ ~_—® A~ GENERATOR INTERCOOLER CIRCUTE CONTROL VALVE (CV-21) ° 3_ ° ‘g °
COOLING TOWER BLEED VALVE (CV-10) ° ° ° o Y ‘\ GENERATOR COMBUSTION AIR INTAKE TEMPERATURE (T-39) ° § ﬂ ° ®o |o
T : 1 ® ® ) Q_,M\,M\,M\,MW\,M\,MJ&MW\,M\Q,M\,MM GENERATOR INTERCOOLER CIRCUTE CONTROL VALVE (CV-22) ™ ? ° f )
MAKE-UP WATER FLOW METER (FM-7) /\ \5. ° ) ° e | A
COOLING COOLING TOWER (65-CT-2) /AN ( ° ° ° ° 3 ° o |o EXISTING CHILLER 2W-CH-1 CHILLED WATER METER FM-9 ° d o |o
COOLING TOWER ISOLATION VALVE (CV-7) / 01 \} ° ° ° ) ° EXISTING CHILLER 2W-CH-2 CHILLED WATER METER FM-10 ° ° o |0
COOLING TOWER FAN (CS-2O@m \}. ° ° f ° EXISTING CHILLER 2W-CH-3 CHILLED WATER METER FM-11 ° ° e |o
W%MM ° oo —~| ~l TN —~® [~~~ EXISTING CHILLER 2W-GH-1 CONDENSER WATER METER FM-12 ° o o |o
< CONDENSER WATER BLEED METER (FM-15) ° T e ' D 1 N EXISTING CHILLER 2W-GH-2 CONDENSER WATER METER FM-13 ° ° o |o
A AAAAAAAAAAAAA QU AAMAAAAAAAAAAAAAAA EXISTING CHILLER 2W-GH-3 CONDENSER WATER METER FM-14 ° o ° |
C % CHILLER PLANT BTU METER ° N o |o
CHP HOT WATER PUMPS f o~ A~V LYY L~ LA ~ 1YY | Y M ~ ] ™
HOT WATER PUMP 65-P-1 (CS-1) 1 ° ° ° 1 o o eNG-TEMISsION SENSOREST © ' o r ° 0
HOT WATER PUMP 65-P-2 (CS-2) ° ° ° o |0 ENG-2 EMISSION SENSOR ES-2 ° )
HOT WATER PUMP 65-P-3 (CS-3) ° ° ° D e |o ENG-3 EMISSION SENSOR ES-3 ° §
HOT WATER PUMP 65-P-4 (CS-4) ° ° ° D e |o L A A A A A A AAAAANAAAAAA A N M ALA
HOT WATER PUMP 65-P-5 (CS-5) ( ® ® ® ) ® ® CHP~+AEAT EXCHANGER HOT WATER TEMP. SENSOR T-40 ® N N~ ° ® L
HOT WATER PUMP 65-P-6 (CS-6) ° ° ° <\ ° ° CHP-2 HEAT EXCHANGER HOT WATER TEMP. SENSOR T-41 ° ° L4 °
}. k CHP-3 HEAT EXCHANGER HOT WATER JEMP. SENSOR T-42 e o e |
/k O WXTENBEYURNTENE YENSYR T-43 ™Y \r/W\v—.rr\/\r" -+~ Y7 Y WYY vy Y Y7 Y Y7 VY Y \'f" Y Y v Y7 Y VY7 Y& VYeYy | YW Y \,\,\
ABSORPTION CHILLERS HOT WATER PUMPS [
HOT WATER PUMP 65-P-7 (CS-7) \ ° ° ° N ° o | DOMESTIC HOT WATER FLOW ° ° ° ° SEE DWG. PP-502
HOT WATER PUMP 65-P-8 (CS-8) N ® ® ® J ® ® ® DOMESTIC HOT WATER HEATER WATER TEMPERATURE L4 L SEE DWG. PP-502
HOT WATER PUMP 65-P-9 (CS-9) Q L] L] ® \ ® L] L] SEWAGE EJECTOR WATER LEVEL b ° SEE DWG. PP-201
{ DOMESTIC HOT WATER SUPPLY TEMP. SENSOR T-43 ° o ® | ® | SEEDWG. MI00
-K DOMESTIC HOT WATER RETURN TEMP. SENSOR T-44 ° o ® |® | SEEDWG. MI00
Q L\ DOMESTIC HOT WATER GAS SUB-METER ° ® | ® | SEEDWG. PP-201
CAMPUS HEATING HOT WATER PUMPS } ) DOMESTIC USE COLD WATER SUB-METER L4 ® | ® | SEEDWG. PP-201
HOT WATER PUMP 65-P-10 (CS-10) £(65-VFD-P-10 /-l ° ° ° ° ° { ° ° ° DOMESTIC USE COLD WATER SUB-METER ° ° ° SEE DWG. PP-201
HOT WATER PUMP 65-P-11 (CS-1 1)&(65-VFD-P-1 1) j ( ° ° L ° ° - ° ° L CHP EQUIPMENT GAS FLOW SUB-METER L4 ° ° SEE DWG. PP-201
HOT WATER FLOW METER (FM-8) § o l o ® e OFFICE EQUIPMENT GAS FLOW SUB-METER o o o SEE DWG. PP-201
DIFFERENTIAL PRESSURE SENSOR (DP-1) / A \ & L4 \ ¢ o o |0 NON-POTABLE COLD WATER SUB-METER ° ® | ® | SEEDWG. PP-201
01\ A | A A AL A A A AA O
CHILLED WATER PUMPS . ~T T MWMWWMWWWW
CHILLED WATER PUMP 65-P-12 (CS-12) ° ° ° ° e |o
CHILLED WATER PUMP 65-P-13 (CS-13) ° ° ° ° e |
CHILLED WATER PUMP 65-P-14 (CS-14) ° ° ° ° e |0
CHILLED WATER PUMP 65-P-15 (CS-15) ° ° ° ° e |o THE EXISTING SIEMENS CAMPUS BUILDING MANAGEMENT AND CONTROL SYSTEM (BMS) WILL BE EXPANDED TO INCLUDE THE FOLLOWING FUNGCTIONS:
MONITORING OPERATION OF THE CHP PLANT
CONDENSER WATER PUMPS - MONITORING AND CONTROL OPERATION OF THE NEW CHILLER PLANT WITH ABSORPTION CHILLERS AND EXISTING CHILLER PLANT
MONITORING AND CONTROL OF THE ADDED HEAT EXCHANGERS TO THE HEATING SYSTEMS OF BUILDINGS 2W AND 2E.
CONDENSER WATER PUMP 65-P-16 (CS-16) ° ° ° ° o |0
CONDENSER WATER PUMP 65-P-17 (CS-17) ° A A A ° ° COOLING SEASON SEQUENCE OF OPERATION (CHILLED WATER PLANT IS ENABLED):
CONDENSER WATER PUMP 65-P-18(CS-18) ° ° ° ° e |o
NEW ABSORPTION CHILLERS 65-CH-1 AND 65-CH-2-SHALL OPERATE ON A LEAD/LAG ROTATION BASIS FOR EQUAL RUN TIME. WHEN AT LEAST ONE CHP PLANT GENERATOR IS RUNNING, THE ABSORPTION CHILLER PLANT
SHALL BE SET AS A LEAD PLANT BETWEEN EXISTING CHILLER PLANT AND THE NEW ONE.

WHEN AT LEAST ONE CHP PLANT GENERATOR IS RUNNING, THE LEAD ABSORPTION CHILLER SHALL BE ENABLED. CHILLED WATER, CONDENSER WATER AND HOT WATER ISOLATION VALVES SHALL OPEN, THE CORRESPONDING HOT
WATER, PRIMARY CHILLED AND CONDENSER WATER PUMPS SHALL START, AND THE COOLING TOWER SEQUENCE SHALL BE STARTED. ONCE PROOF OF CHILLED, HOT AND CONDENSER WATER FLOW IS ESTABLISHED, AND HOT
WATER TEMPERATURE (FROM CHP HEAT EXCHANGER) IS AT 200°F (AS SENSED BY RESPECTIVE TEMPERATURE SENSORS T-1, T-2 OR T-3), THE LEAD CHILLER ( 65-CH-1 OR 65-CH-2) WILL BE COMMANDED TO START AND
MODULATE ITS CONTROLS TO MAINTAIN A 42°F (ADJ) LEAVING CHILLED WATER TEMPERATURE.

THE CAMPUS BUILDING MANAGEMENT CONTROL SYSTEM SHALL MONITOR CHILLED WATER SYSTEM SUPPLY AND RETURN WATER TEMPERATURES. ON A RISE OF SYSTEM RETURN WATER TEMPERATURE ABOVE 54°F SETPOINT
(ADJUSTABLE), AND IF THE SECOND GENERATOR IS RUNNING, THE LAG ABSORPTION CHILLER SHALL BE ENABLED. CHILLED WATER, CONDENSER WATER AND HOT WATER ISOLATION VALVES SHALL OPEN, THE CORRESPONDING HOT
WATER, PRIMARY CHILLED AND CONDENSER WATER PUMPS SHALL START, AND THE COOLING TOWER SEQUENCE SHALL BE STARTED. ONCE PROOF OF CHILLED, HOT AND CONDENSER WATER FLOW IS ESTABLISHED, AND HOT
WATER TEMPERATURE (FROM CHP HEAT EXCHANGER) IS AT 200°F, THE LAG CHILLER ( 65-CH-1 OR 65-CH-2) WILL BE COMMANDED TO START AND MODULATE ITS CONTROLS TO MAINTAIN A 42°F (ADJ) LEAVING CHILLED WATER
TEMPERATURE IN PARALLEL WITH LEAD CHILLER.

C H P E N E RGY R ECOV E RY SYST E M AN D C H I LL E R P LANT CO NT RO LS IF ON THE RISE OF THE RETURN CHILLED WATER TEMPERATURE ABOVE SETPOINT, THE SECOND GENERATOR IS NOT RUNNING, THE LEAD ELECTRICAL CHILLER SHALL BE COMMANDED TO START AND WILL FOLLOW ITS EXISTING
SEQUENCE OF OPERATION. AS CAMPUS COOLING LOAD INCREASES, EACH CONSECUTIVE EXISTING CHILLER WILL BE COMMANDED TO START AND TO FOLLOW THE EXISTING SEQUENCE OF OPERATION INCLUDING ASSOCIATED PUMPS

AND COOLING TOWERS SEQUENCES.

IF DURING THE OPERATION OF THE EXISTING ELECTRIC CHILLERS THE SECOND GENERATOR COMES ON LINE, THE PRIORITY SHALL BE SWITCHED TO THE LAG ABSORPTION CHILLER VS ELECTRIC CHILLER AND LAG ABSORPTION
CHILLER SEQUENCE OF OPERATION SHALL BE INITIATED. THE ELECTRIC CHILLERS SHALL BE SEQUENCED TO START AS NEEDED TO SUPPORT CAMPUS COOLING LOAD.

WHEN THE LEAD ABSORPTION CHILLER IS FAILED TO START AS DIRECTED, THE LAG ABSORPTION CHILLER AND ASSOCIATED PUMPS AND CONTROL VALVES SHALL BE ENABLED AND ALARM SENT TO CAMPUS BMS.

IF ANY OF THE CHP PLANT PUMPS FAILSTO START WHEN COMMANDED, THE CORRESPONDING STAND-BY PUMP SHALL START AND ALARM SENT TO CAMPUS BMS.

COOLING TOWERS 65-CT -1 AND 65-CT-2 SHALL OPERATE ON A LEAD/LAG ROTATING BASIS FOR EQUAL RUN TIME. WHEN THE COOLING TOWER IS COMMANDED TO START, THE RESPECTIVE ISOLATION VALVE SHALL OPEN AND
CONDENSER WATER PUMP SHALL START. COOLING TOWER CONTROLS SHALL MODULATE VFD ON THE COOLING TOWER FAN AND BY-PASS CONTROL VALVE IN SEQUENCE TO MAINTAIN SUPPLY CONDENSER WATER TEMPERATURE
SETPOINT 85°F (ADJ).

WHEN THE FLOAT SWITCH ON ANY OF THE NEW COOLING TOWERS GETS A SIGNAL FROM THE RESPECTIVE LEVEL SENSOR ON THE LOW WATER LEVEL, NORMALLY CLOSED TWO POSITION VALVE ON THE MAKE-UP WATER LINE
SHALL OPEN.

IF THE LEAD COOLING TOWER FAILS TO START WHEN DIRECTED, THE LAG COOLING TOWER AND ASSOCIATED PUMPS AND CONTROL VALVE SHALL START AND ALARM SHALL BE SENT TO THE BMS.

WHEN AT LEAST ONE CHP GENERATOR IS RUNNING AND CHP HOT WATER RETURN TEMPERATURE SENSOR T-36 INDICATES WATER TEMPERATURE ABOVE 190°F (ADJUSTABLE), THE HOT WATER PUMP (65-P-10 OR 65-P-11)
SHALL START. PUMP'S VFD (65-VFD-1 OR 65-VFD-2) SHALL MODULATE THE PUMP FLOW TO MAINTAIN HOT WATER SYSTEM PRESSURE SETPOINT.

HEATING SEASON SEQUENCE OF OPERATION (CHILLED WATER PLANT IS DISABLED):

WHEN AT LEAST ONE CHP PLANT GENERATOR IS RUNNING, THE HOT WATER PUMP (65-P-10 OR 65-P-11) SHALL START. PUMP'S VFD (65-VFD-1 OR 65-VFD-2) SHALL MODULATE THE PUMP FLOW TO MAINTAIN HOT WATER
SYSTEM PRESSURE SETPOINT. WHEN VFD IS AT ITS MENIMUM SPEED, THE PRESSURE DIFFERENTIAL BY-PASS CONTROL VALVE SHALL MODULATE TOWARDS ITS OPEN POSITION TO MAINTAIN SYSTEM PRESSURE SETPOINT.
IF LEAD PUMPS FAILS TO START, THE LAG PUMP SHALL START AND ALARM SIGNAL SHALL BE SENT TO BMS.

HEAT EXCHANGER CONTROL IN BUILDINGS 2W AND 2E: F U LLY S P R | N KL E R E D
WHEN EXISTING HOT WATER OR HOT WATER/GLYCOL SYSTEM IS OPERATIONAL (AT LEAST ONE OF THE SYSTEM PUMPS IS RUNNING), AND RETURN HOT WATER TEMPERATURE (AS SENSED BY T-23,T-26, T-30 AND T-34) IS LESS

THAN SUPPLY HOT WATER TEMPERATURE SETPOINT IN THE EXISTING SYSTEM, THE RESPECTIVE THREE WAY CONTROL VALVE (CV-16,CV-17, CV-18 AND CV-19) SHALL DIVERT THE RETURN WATER FLOW TO THE NEW HOT WATER

HEAT EXCHANGERS (65-2W-HX-1, 65-2W-HX-2, 65-2E-HX-3, 65-2E-HX-4). CONTROL VALVES ON THE “HOT”SIDE OF THE HEAT EXCHANGERS (CV-12, CV-13, CV-14 AND CV-15) SHALL MODULATE TO MAINTAIN SUPPLY

EXISTING HOT WATER TEMPERATURE SETPOINT (T-22, T-27, T-31 AND T-35) AS IT IS SET BY THE EXISTING SYSTEM CONTROLS. B | D DOC U M E NTS
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